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1.0 Problem Area
Within  the  sustainability challenge,  the  transport  sector  is  notoriously difficult  and complex to 
address. On one hand, mobility is seen by governments and policy-makers as an essential enabler to 
economic growth1. On the other hand, transportation systems today continue to rely almost solely 
(by almost 95%) on fossil fuels and consume already about half the global yearly supply of crude 
oil (UNEP 2011). Adding to this, transportation in general continues to grow systematically in most 
cities of the world, including Copenhagen, bringing ever more congestion, CO2 emissions, air and 
noise pollution, and decreased property prices on adjacent land. 
Despite a history of considerable investments in public and 
non-motorized  transportation  modes,  Copenhagen  is  no 
exception  when it  comes  to  congestion-related  problems. 
Jagtvej is particularly illustrative of the challenge at hand: 
how to balance the needs of car users with the effects of car 
traffic to the local population? 
The Nørrebro section of Jagtvej as map 1 shows – the scope 
of  this  study  –  is  crossing  one  of  the  most  densely 
populated  area  of  Copenhagen.  On its  narrowest  section, 
the  road  becomes  only two lanes  wide  and  is  congested 
most hours of the day (as illustrated by the map 1 here, a 
Google traffic  snapshot on a  typical  afternoon weekday). 
This  results  in  poor  attractiveness,  and  reduced  mobility 
and livability for residents and visitors in the area. At the 
same time, Jagtvej is considered by transport authorities to 
be an essential link for connecting together the immediate neighbourhoods of the central area and 
provide city access to commuters, preventing time-consuming detours through the centre or much 
further outside.
The current status quo concerning traffic on Jagtvej seems difficult to change. But in the light of 
changing demographics, increasing attractiveness of the Nørrebro district, demands from residents 
and tourists  alike  for  more  healthy environments  and more  attractive  city-life,  and pressure  to 
reduce CO2 emissions as a whole, can the current situation truly be sustained? This is what this 
report attempts to answer, as well as providing realistic alternatives based on best practice.
1 This was confirmed in interview with the Kommune and is covered in more details in the Solutions section
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Map 1: Nørrebro section of the Jagtvej
1.1 Road Network Perspective 
In  2009,  the  City  of  Copenhagen  divided  the  road 
network  between regional  roads  (Regionale  Veje,  in 
red),  distribution  roads  (Fordelingsgader,  such  as 
Jagtvej,  in  blue),  city  or  neighborhood  streets 
(Bydelsgader,  such  as  Nørrebrogade,  in  yellow), 
shopping or walking streets (Strøggader, in light blue) 
and all  other  local  streets  (Lokale  veje,  in  grey)  as 
map2 shows. The regional roads of Å boulevard and 
Tagensvej  both  connect  to  Jagtvej  to  the  South-
Western and North-
Eastern  edge  of 
Nørrebro 
respectively. This provides the framework to understand which 
are  the  main  roads  that  channel  traffic  around  the  region, 
between districts and within districts.
The traffic intensity map shows how most inbound traffic from 
the  north  of  Copenhagen  enters  through  Å  boulevard  and 
Lyngbyvej/Tagensvej, while Jagtvej acts  as a main connecting 
road between the two within the centre boundary (Søsnittet). 
1.2 Jagtvej Traffic Situation
In this section the traffic situation on Jagtvej is analyzed in 
more detail and put into perspective. Traffic data is essential 
in  the  calculation  of  most  other  impacts,  such  as  as  air 
pollution. 
The City of Copenhagen conducts yearly traffic counts on 
various arteries in and around the city: 31 count stations are 
located  around Copenhagen on the  'border  municipalities 
(Kommunegrænsen),  18  on  the  'centre  boundary' 
(Søsnittet), and another 214 on other arteries within the city 
as map 4 shows. Jagtvej tally #23 is part of the later and it 
is  appropriately  placed  at  the  crossing  with  Nørrebrogade,  counting  vehicles  to  and  from 
10
Map 2: Overview of the City of Copenhagen
Map 3: The traffic intensity map
Map 4: The city boundary(Søsnittet) and 
municipality border(Kommunegrænsen)
Frederiksberg (to the South-West).
For all Copenhagen counting areas as well as for Jagtvej, motorized traffic has mostly stabilized 
since  2005.  Private  vehicles  and  vans  represent  the  bulk  of  motorized  traffic  in  Copenhagen 
(94.3%), while buses represent a marginal proportion (2.3%).
Annual Average Daily Traffic (ÅDT) data for Jagtveg is as follow (sum of both directions, based on 
counts in daytime 07-19h):
2005 2006 2007 2008 2009 2010 2011
ADT 19700 17200 18500 18200 18800 18100 17700
% heavy 
vehicles
4% n/a 4.7% 7.3% 3.8% 4.3% 3.6%
Table 1: Traffic counts (ÅDT) for Jagtvej (station #23)
The graph below show the distribution of traffic by mode during the day.
Motorized traffic remains roughly the same throughout the day at 1200~1400 vehicles per hour. 
This contrasts visibly with non-motorized traffic (all types of bicycles) which show clear peak hour 
traffic between 7h and 10h, and later between 15h and 18h. This indicates that motorized traffic is 
already operating at maximum capacity (this may explain why traffic has not increased in the last 
years; simply because it cannot physically increase further).
The  data  does  show  a  slight  trend  in  directions,  which  helps  explain  part  of  the  purpose  for 
traveling. Morning motor traffic (from 8h to 13h) is highest coming from Frederiksberg. The trend 
is particularly obvious with bicycles, where it is possible to observe a typical commuting pattern 
from Frederiksberg towards Østerbro and the city centre in the morning,  and vice versa in the 
11
Illustration 1: Amount of traffic on Jagtvej from 7-19
0
200
400
600
800
1.000
1.200
1.400
1.600
1.800
2.000
7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
PERSONBILER
VAREVOGNE (MAX. 3,5 T)
LASTBILER, alt aksler
BUSSER, alt
CYKLER + KNALLERTER
A+B: KØRETØJER I ALT
afternoon. Whether this clear trend for bicycles can be extended to passenger cars and other traffic 
is  unclear;  since Nørrebrogade has  been closed to motor  traffic  since 2009,  motorists  – unlike 
bicyclists – have been prevented to enter the city directly from Nørrebro.
1.3 Nørrebro District
In this section essential data related to the district of Nørrebro is presented. The district known as 
Nørrebro  is  in  fact  composed  of  two  administrative  districts:  Inner  Nørrebro  (Indre  Nørrebro, 
1.72km2) and Outer Nørrebro (Ydre Nørrebro, 2.10km2, often referred to as Nord-Vest). Aside 
from the data below which cover both areas as one, the present study uses the term Nørrebro to  
refer to Inner Nørrebro.
1.3.1 Demographics
Nørrebro's population in 2012 totals 75,377 inhabitants (71,891 in 2009), which represents almost 
14% of Copenhagen's population (549,050 in 2012). This makes Nørrebro the most dense district in 
Copenhagen with almost 20,000 inhabitants per square kilometer. The following three detailed map 
5,6,7 illustrate best the current Nørrebro demographics, which can be summed up as generally low-
income, highly-educated, younger people. For all maps, the legend is divided in deciles, where “1” 
represent the lowest 10% of the population, and “10” the highest 10% of the population for the 
following criteria: income, education level, age and number of children.
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Map 5: Education levels in Norrebro in deciles compared to national averages (100sqm raster map)
Though the 100 square meter cell is not precise enough to be conclusive, it is possible to observe in 
this last map a possible correlation between the low number of kids in dwellings along Jagtvej.
1.3.2 Car Ownership
Data from 2009 shows however that Nørrebro has the lowest car ownership rates in Copenhagen, 
with only 13 vehicles per 100 inhabitants (compared to more than 18 cars per 100 inhabitants for 
Copenhagen on average, and more than 37 cars per 100 inhabitants for Denmark as a whole). 
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Map 7: Number of kids in Norrebro in deciles compared to national averages (100sqm raster map)
Map 6: Age levels in Norrebro in deciles compared to national averages (100sqm raster map)
Finally, The Kommuene, MiljøPunkt Nørrebro and DTU all highlighted the trend for increasing car 
ownership due to increasing standards of living, even within Copenhagen city districts and Nørrebro 
(see map 8 below). 
Map 8: Copenhagen city districts
The map 9 below shows a more detailed map of car ownership distribution around Nørrebro. Data 
confirms that ownership rates are either very low or low compared to national averages. 
In conclusion, the data for Nørrebro is confirming a trend that is both covered in the literature and 
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Map 9: Car ownership averages (100sqm raster map)
which was explicitly mentioned in interviews with Nørrebropunkt: as income grow, so does car 
ownership. Kåre Press-Kristensen, a DTU traffic expert, concludes: “People are getting richer. 10 
years from now it will be too difficult: too many voters may own a car. We need to act fast before  
too many get a cheap car (..) As the population of Copenhagen is set to continue to increase at the 
rate of 1000 new residents per month, there simply is no more space for more cars”. Ove Lynge 
Larsen  from  Miljøpunkt  Nørrebro  summarises  the  Jagtvej  challenge  as  such:  “Nørrebro  is 
surrounded by traffic, and gets all the pollution. With the cancellation of the congestion ring, we 
now need new eyes on the issue”.
1.4 Problem Formulation
How to make Jagtvej sustainable?
Sub-questions
1. How does traffic on Jagtvej affect the health of people and the environment?
2. From a  sustainability  perspective,  what  are  the  costs  and benefits  of  the  current  traffic 
situation on Jagtvej?
3. What are the possible interventions to improve the overall situation on Jagtvej?
15
2.0 Methodology
2.1 Networking
In this project a lot of time have been used to build a network within the municipality, and the 
researchers  of  the  different  universities  in  Denmark.  The  networking  have  both  been  done  by 
participating  in  coordinated  citizen  meetings  arranged  by  NGO's,  as  well  as  professional 
conferences coordinated by organizations operating on the behalf of the municipality.
From here Emailing,  phone conversations and meetings have been set  up in order to create an 
overview of the situation on Jagtvej, what date were available and how to get it. 
2.2 Scope and Limitations
The scope  of  the  project  were  to  gain  as  much  knowledge of  the  situation  of  congestion  and 
pollution on the Jagtvej in Nørrebro section as map 10 illustrates as possible, and to get a very good 
overview of all the factor which play a key role in both creating them, as well as the problems the 
congestion and pollution creates themselves.
The main focus would then be to find solutions to the problems of congestion and thereby also the 
entailing pollution, and to see which cause and effect they would have on traffic, health effect in the 
local area.
16
Map 10: Nørrebro section of Jagtvej, focus of study
2.3 Stakeholders
Different stakeholders have been pointed out during this project and each one of them have either 
been directly interviewed or have participated in a survey. To make an overview of the different 
stakeholders of Jagtvej and how they were addressed a table have been made below. 
Stakeholder Description How they were addressed
Residents The residents Lars Kongshøj and 
Kim Henriksen who were living 
on Jagtvej
The residents were interviewed 
two times during the project
Bicycles All the bicyclists bicycling on 
Jagtvej
Project haven't spend time on them
Pedestrians All the pedestrians walking on 
Jagtvej
Haven't spend time on them
3 Types of drivers 
• Outside drivers Drivers coming from outside 
Copenhagen and commuting 
through Jagtvej
Were part of the car driving survey
• Copenhagen Drivers who drive in the inner city 
and drive through Jagtvej
Were part of the car driving survey
• Jagtvej The residents on Jagtvej which 
owns a car, and drive on Jagtvej
Were part of the car driving survey
Shopowners The shop owners of Jagtvej Haven't spend time on
Traffic planners Jens Christian Højgaard which 
works at the Technique and 
Environmental administration of 
Copenhagen.
Jens were interviewed 
DTU Researcher Phd. Student Kåre Press from the 
DTU 
Kåre Press were interviewed, and 
helped with further contacts 
Decisions makers Politicians who set the overall 
agenda for what should be 
implemented 
Didn't address them
Miljøpunkt Nørrebro Erik Jørgensen fra Miljøpunkt 
Nørrebro helped make focus on 
the traffic situation on Jagtvej in 
the first place, and project 
coordinator Ove Larsen helped 
with further info on traffic details.
Both Ove and Jens participated in 
meetings. In the fall 2011 
Miljøpunkt were also host of an 
organized citizen meeting, 
addressing the traffic on Nørrebro 
and Jagtvej
Goods Delivery Trucks and vans delivering goods 
to the shops on Jagtvej.
Haven't spend time on.
Table 2: This table shows the different stakeholders, a short description of their overall part in the traffic on Jagtvej  
and a shor description on how they were addressed in this report.
2.4 Analytical Framework
The main framework to look at is the EU framework, as this is used as a guideline for all  the 
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maximum allowance of different particles in the air. As Denmark is a member of the EU, these 
guidelines also apply to Denmark. Therefore we have compared the maximum allowances from the 
directive with the newest yearly means from Copenhagen, to see if the numbers comply with the 
regulations.
2.5 Research Design
Below is a research design matrix to help clarify the structure of this document to the reader.
Research 
Questions
Reasoning & Data 
Collection
Contacts Considerations & 
Discussion
Covere
d in 
1. How does 
traffic on Jagtvej 
affect the health 
of people and 
the 
environment?
Theory on air pollution 
and noise. Known 
impacts on health. 
Applicable regulations. 
Measured data from City 
of Copenhagen 
(København's 
Kommune), DMU 
Research institution 
(Danmarks 
Miljøundersøgelser)
Kåre Press-Kristensen 
(DTU; works with air 
and noise impacts and 
can provide further 
contacts at DMU)
Åse Boss Henrichsen 
(KK; works with 
traffic counts)
Understand all measurable 
air and noise impacts and 
quantify them. 
Air pollution is particularly 
complex and requires more 
in-depth study.
Chapter 
4 
2. From a 
sustainability 
perspective, 
what are the 
costs and 
benefits of the 
current traffic 
situation on 
Jagtvej?
All available facts about 
Jagtvej. Approaches and 
formulas in calculating 
'costs' (Kommune and 
DTU formulas). 
Theory of environmental 
impact assessments. 
Theory of Sustainability. 
Christina Bech 
Godskesen 
Andersen(KK)
Jens Christian 
Højgaard(KK)
Produce an 'accurate' cost-
benefit analysis by putting a 
monetary value on impacts. 
Evaluate other less 
measurable impacts such as 
property prices, 
attractiveness, accidents , 
barrier effects, land-use, 
time loss etc.
Chapter 
5
3. What are the 
possible 
interventions to 
improve the 
overall situation 
on Jagtvej?
Mobility theory. Theory 
of intervening in the 
transport sector. Traffic 
theory ('rebound' effects 
of increasing capacity).
Surveys and ideas from 
stakeholders including 
residents, shop-owners, 
and car users. 
Nørrebrogade learnings. 
Analysis of best 
solutions. 
Traffic modelling for 
preferred solution.
Ove Lynge Larsen 
(MiljøPunkt Nørrebro; 
works with 
environmental and 
traffic initiatives, has 
experience with the 
Nørrebrogade project)
Kim Henriksen, Lars 
Kongshøj(residents), 
and Fadhil Mahdi 
(shop-owner) 
Faran Mahmood (taxi 
driver). Car users may 
be difficult to 
interview!
Understand stories and 
barriers for change. 
Evaluate possible solutions 
such as road and congestion 
charging, bus-only zones, 
blocking versus widening 
the street, prioritizing public 
transport vs private 
vehicles.
Consider new metro 
opening in 2018.
Build a rationale for change 
and propose a new vision.
Chapter 
7 
(survey 
results) 
&Chapt
er 8
Main question: Consolidate all the theories Chapter 
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How to make 
Jagtvej 
sustainable?
presented. Present a list of 
recommendations.
9
Table 3: Design matrix for this project
2.6 Data Collection
The DATA collected for this project has come us in hand by mailing, or by taking personal contact 
to, and participate in meetings with researchers within the different fields of importance to us. Some 
data  has  also  been  available  on  different  internet  pages  created  by  the  municipality  or  the 
government.
The traffic count data were provided by a woman named Åse Boss Henrichsen who works in the 
traffic  counting department of the municipality of Copenhagen. The contact to Åse were made 
through guy named Ove Larsen who works for the Miljøpunkt Nørrebro, which is an Agenda 21 
group under the municipality of Copenhagen.
The pollution data have been by the help of NPA(DMU), which have made it all available on their 
homepage, either as online data or as PDF files.
The noise data were available on the homepage http://www.dmu.dk/ where you simply choose the 
roads which you are interested in noise data from, and through a GIS like mapping program, maps 
with noise scale are made.
2.7 Interviews
Interviews were conducted with the different stakeholders in order to get a through out knowledge 
of their specific interest. The interviews were recorded by a Nokia smart phone so that no details 
were lost, and that every group member had the opportunity to listen to it, if the had not been able to 
participate in one of the meetings. A great barrier for the interviews were the language, as 3 of the 
group members didn't speak Danish, and only to a limited degree understood Danish. Also some of 
the  stakeholders  which  were  interviewed  lacked  capabilities  of  speaking  English,  and  so  a 
continuously translation had to be conducted throughout the interview. While this is not impossible 
to do, it can be hard for the translator to get all the details passed on in a precise manner so that no 
information will be lost.
2.7.1 The Residents of Jagtvej:
A 2 hour interview were conducted with Lars Kongshøj  and Kim Henriksen,  the creators  of a 
residential group on Jagtvej which had as main focus to remove all through going traffic on Jagtvej.
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The focus group had been started after a citizen meeting held on Nørrebro, with the focus of air and 
noise  pollution.  The  group  work  close  together  with  Erik  from Miljøpunkt  Nørrebro,  and  are 
currently working with organizing a meeting for all the residents on Jagtvej. 
As Jagtvej is one of the streets with the highest air -and noise pollution in Copenhagen and by far 
the most congested one, this is of great concern to the residents.
From the residents point of view the noise created by the traffic is the most annoying thing. 70% of 
the houses on Jagtvej is exposed to traffic noise above the allowed limits of 58 dB. As soon as you 
open your window towards the street you will have trouble to communicate in your apartment. 
Noise have shown to create stress, increased blood pressure and cardiovascular diseases (WHO 
2011). 
Due to the heavy traffic on Jagtvej there is a lot of dirt in the area. This can easily be seen on the  
windows which are dirty even though they are washed every week, also the front of the houses are 
dirty. Measurements made by Kåre Press from DTU shows that if you open your window towards 
the street  in  order to  ventilate,  instead of  receiving clean into your  home,  you will  receive air 
pollution in through your window (WHO 2011).
The residents wish to stop all the through going traffic from Østerbro to Frederiksberg, but still 
allow the residents, shop owners and buses to go through. This would decrease to noise and air 
pollution in the area, as well as increase the overall traffic safety.
The traffic is so slow moving in the morning and afternoon that it is possible to go side by side with  
the cars all the way along Jagtvej. Therefore there is no point in taking the bus as you will get to the  
end of Jagtvej just as fast as a pedestrian. 
As the situation  is  now there  are  not  many families  with  children living  on Jagtvej  as  map 7 
illustrated. The noise and air pollution combined with the great traffic hazard makes people feel that 
this is not a safe place to let your children grow up.
2.8 Surveys
In order to get an idea of why some people choose to commute through Jagtvej every day even 
though they waste a lot of time sitting in the car being stuck in traffic, it was decided to make a 
questionnaire consisting of four questions. 78 sheets with questions were printed out, and prepared 
to  be  filled  out  quickly by the  interviewers.  For  a  more  inside  look at  the  questionnaires  see 
Appendix III.
 These idea was to ask these four fast questions to the drivers while they were stuck in traffic due to  
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red lights. The time chosen to do the survey were 9:30 on a Wednesday morning. The place of the 
survey were decided to be on Jagtvej at both sides of Nørrebro Runddel.
However several problems occurred when this method for the survey were conducted.
Firstly the time it takes to knock on the window and make the driver pull down the window were 
longer than expected. Second the time between the red lights, and the time it takes for the cars to 
stop at the red light, made the window available for question very short. Thirdly, to reach the cars a  
bicycle lane had to be crossed. The cyclists do not come in chunks as cars do when they move 
forward from one light curve to the next, but come more in a constant flow as the speed differs from 
one person to another. Therefore it were sometimes hard to reach the cars as soon as they were 
holding still, and this were cutting even more time of the open window for questioning.
In order not to put any group member in danger of a traffic accident, it was decided to simply hand 
out the surveys through the car windows, and hope for a respond. Even this method was very hard 
and only 23 questionnaires were handed out in 40 minutes by four persons. Car drivers also were 
very reluctant to accept the survey, and one of the barriers for this could be language as three of the  
interviewers were speaking English, two of them with a dialect of respectively Chinese and French.
The time chosen for the survey were retrospectively not that ideal, as Jagtvej is not congested at that 
time of day, making the amounts of cars available to the survey limited, and making the traffic flow 
fast. However this also have the impact of less bicycles on the road, making it easier to reach the 
cars.
As questionnaires handed out through a window were not considered to bring many replies, it was 
decided to take contact people through the social sites on the internet. The idea was to make an 
online survey with 15- 20 questions with multiple choices, which should be easily accessible by a  
link in a mail. This method would also make room for 10-15 additional questions as there were no 
maximum time limit of 40 seconds for answering the questions. The benefit from this were that 
more questions about possible solutions like congestion ring, carpool, road block, road taxing by a 
GPS in the car could be asked and opinions collected. The survey were spread to the whole of RUC 
through the mailing system, and the survey was posted on the Facebook page of all the bigger cities 
around Copenhagen which were thought to have a descent number of commuters. Also Facebook 
pages which could have a link to traffic like the DSB S-train stations, car sharing, traffic safety ect 
were used to spread the survey.
There were no high expectations on how good the results would be, and it was considered to be an 
experiment. However as the web of contacts often seems to spread further than imagined, it was 
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considered a reasonable try. 
Surveys of the local residents opinions of the traffic on Jagtvej were made possible with the help of 
Lars Kongshøj and Kim Henriksen, who were arranging a citizen meeting on Jagtvej. As a coop the 
survey were made as poster with a link and put on the door of all the addresses on Jagtvej, both 
advertising for the survey and the forthcoming meeting.  Also the questionnaire were made and 
structured in the same manner as the one for the commuters, so that it would be fast and easy to fill  
out. Further more feedback from Lars and Kim were given as they both were residents and therefore 
also target group. It was of course known that this would not be an impartial survey since all the  
expected  people  to  appear  for  the  meeting  or  answering  the  survey would  mostly  already  be 
political committed to stop the congestion on Jagtvej, or at least tired of all the traffic. However the 
different reasons people might have about why and how to change the traffic situation on Jagtvej 
could  prove  to  be  of  value  to  the  project.  Further  more  since  they  were  already passionately 
committed to a cause the chance that they would take some time to fill out the survey would be 
bigger. For more info on the exact form and questions see Appendix III & V.
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3.0 Theoretical Framework
As  an  issue  of  spatial  planning,  traffic  has  to  be  regulated  by  considering  the  integration  of 
environmental aspects;  CO2, noise and air  pollution being the principal annoyances due to this 
sector. Regulations related to the traffic planning will be introduced though global level to European 
level, to the national level and regional and local level.
3.1 Regulations
Along with the economic growth, transport has had more and more negative effects on the city 
growth, such as congestion and pollutions. Different actors leads this traffic planning and put in 
place  the  regulations;  should  be  considered  the  whole  picture  gathering:  a  global  level 
(multinational environmental agreements ), a federal level, European level, a national level then a 
regional  and  local  authority  level.  The  table  4  below  illustrated  different  relations  related  to 
transport section for different levels At all levels, all impacts have directly affects on human health 
have  been  regulated.  Impacts  such  as  CO2  is  always  connect  to  energy  planning,  most  EU 
directives have set a goal for different sector, require them to reach it before different deadline. 
However, there is no clear regulation on lands-transport planning. From the global level, UNEP 
made a report on green economic, transport as part of the section, where avoid – shift -improve 
strategy was introduced (Dalkmann 2011). At European level, sustainable transport and sustainable 
mobility has been put on the new agenda. Unfortunately, based on the UNEP strategy, transport 
planning at EU level is still remain on the first two step: improve to shift, which advocates to use 
efficiency and sustainable energy for transport. 
At the Danish national level, the strategies of transport planning are mainly based on EU level. 
Since Denmark is a bicycle loving country, at national level, promoting bicycle though all kinds 
campaigns is also one of the national goals. 
At the regional and local level, where the authorities has less power compare with other three levels, 
however is the level, where sustainable transport initiatives of avoid and shift really starts. At this 
level, besides to fulfil the national level of low emission cars and using renewable energy cars,ect., 
traffic planning is more focus on the mobility management, which aims to reducing car dependency. 
There are also different project, which founded by EU, such is  The Informed Cities initiative to 
support local to achieve sustainable development. 
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Transport Planning / Mobility Management Impacts
CO2 Noise Air Pollution
Global Level
   UNFCCC -Kyoto Protocol:
CO2 reduce by 5.2% 
compare with 1990 level
   UNEP -Campaign and research: Towards a green economic 
in transport section:
Avoid-shift- improve strategy
   WHO -World Health 
Organization made a report 
on the linkage between the 
health effects and noise: 
responsible for discomfort, 
stress, blood pressure, 
sleep disturbance. 
-Air quality guidelines 
for particulate matter, 
ozone, nitrogen dioxide, 
sulfur dioxide of 2005: it 
gives annual and daily 
guidelines for these 
pollutants but underlines 
that it is not impossible 
to have impacts on health 
even if these number are 
achieved that is why the 
countries can choose 
lower concentrations.
EU Level -Directive 2009/28/EC:
Shorter transport distance
-The White Paper on Transport Policy 2011:
Promoting clean and energy efficient road transport 
Vehicles
-Directive 2009/28/EC:
Improving public transport 
by new technology to 
improve energy efficiency 
and target 10% renewable 
energy use in transport 
Directive2002/49/EC:
Relating to the assessment 
and management of 
environmental noise .
-Monitoring the noise by 
mandatory strategy maps 
-Directive 2008/50/EC or 
EU Air Quality Directive 
regulating ambient air 
quality: 
Related to the following 
substances : PM, O3, NO2, 
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Growing transport and supporting sustainable 
mobility 
New approach of funding and pricing to reduce 
congestion- 'user pays' and 'polluter pays' principles
Using more energy efficiency transport management 
and information system (eg. ITS, SESAR ect.)
No more conventional fuel cars in cities by 2050
-COM(2008) 433:
Greening Transport initiatives
section in2020
-EU commission 
communication:
Reducing 80-95% CO2 in 
2050
In the transport sector: a 
reduction of at least 60% of 
GHGs by 2050 compare 
with 1990
-The White Paper on 
Transport Policy 2011:
Goals:
CO2-free logistics in major 
urban centres by 2030 
-EU directive
120km/g co2 in 2012 and 
100g/km 2020
Sustainable growth by 
reduce CO2
-EU fuel quality directive
A life cycle GHG emission 
reduction of 6% for 
transport fuel by 2020
by using the indicators 
Lden and Lnight. 
SO2, CO, Pb, Benzene. 
Give a common 
approach to air quality 
assessment and new air 
quality objectives.
- Directive 2010/75/EU: 
Directive regulating 
emissions of air 
pollutants 
 regarding PM, NOx , 
NH3,  SO2, CO, Heavy 
Metals and COV from 
industrial 
National Level -Goal: 
Promoting bicycles 
Campaign of eco-driving
- Green Transport vision( from the department of 
-Danish environmental 
ministry 
Reducing 21% CO2 in 
2020
-Danish transport 
-Mapping from the Danish 
Environmental Protection 
Agency according to the 
Nord2000 a Nordic noise 
prediction method.
-Danish Environmental 
Protection Agency: 
Monitoring and 
measurements of air 
pollutants.
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transport):
Less tax on less polluted cars
More and better public transport 
Sustainable technical solutions for more energy 
efficient transport
instruction 2030:
CO2 for new cars 100g/km 
and 25km/l in 2020
- Danish Environmental 
Protection Agency limits 
values from 2007.
-centre Miljø
Set a limit value: 58dB
Regional Level -AAlborg +10:
Reduce the necessity for private motorized transport 
and promote attractive alternative accessible to all
Increase the share of journeys by using public 
transport, on foot and bicycle
Encourage transition to low-emission vehicles
Develop an integrated and sustainable urban 
mobility plan
Reduce the impact of transport on the environment 
and public health 
Transport planning for very big units
-Climate plan:
CO2 natural in 2030 
-Euro-norm 4 & 5
-Directive2007/46/EF
Local Level -Gate 21 & Formel M :
Mobility plans for hospitals
Local mobility solutions
Assess mobility for new residential area and 
commercial area. 
Mobility plan for large size company (more than 
500 employees)
Table 4: General picture of regulation and guidelines according to the different planners level.
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3.2 The 2008 EU Framework for Air Quality and Cleaner Air in Europe.
The 2008 framework is an continuously updated framework which is dated back to 1996 when it 
were created by the EU. The framework seeks to improve air quality where it is possible and to 
maintain high quality where requirements have already been met. EU is not the only one organism 
to  administer  the  limits  values;  since  air  pollutants  has  an  impact  on  health  it  is  also  the 
responsibility for the World Health Organisation: WHO .
The goal of the framework is to make the overall arrangements in defining and determine limits for 
the air quality, and thereby decreasing the health related problems to humans as well as any harmful 
effects  to  the  environment.  By implementing  identical  measuring  methods  for  all  the  member 
countries, it is much easier to evaluate air quality throughout the EU. Also due to the homogeneous 
methods of measurements it is much easier to survey the long term effect of implemented restriction 
or laws of emission in the different countries. This should also promote the collaboration of the 
different member states in improving the air quality (EU Directive for cleaner air 2008).
The transparency of the air quality situation have been highly prioritized by the EU. Not only have 
the  monitoring  programme  had  clearly  defined  boundaries  on  how  to  measure  the  different 
particles, but the continuously measured values have to be made public. Further more it has also 
been stated that the general public should be warned about any current or expected future huge 
exceeding of the limit values. This including which area, time, type of particle and the expected 
limit. Further more any warning must include which specific group of people are at most risk, the 
likely symptoms and the precautions necessary to make (National Environmental Research Institute 
2009).
Several European directives takes care about the limit values of emissions of air pollutants, they are 
gathered in the following table 5 where the pollutants are matched to the directive regulating them. 
(European Environment Agency 2011; World Health Organization 2005).
The exact limit values for the different particles and chemical compounds are as follows:
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Measuring Interval Limit Values Term for Compliance to Rules
SO2 (Sulphur Dioxide)
1 per Hour
350 ug/m3and are not allowed to 
be exceeded more than 24 times a 
year January 2005
1 per Day 125 μg/m
3, cannot be exceeded 
more than 3 times per year. January 2005
NO2 (Nitrogen Dioxide)
1 per day
200 μg/m3, and are not allowed to 
be exceeded more than 18 times a 
year. January 2010
Yearly mean 40 μg/m3
January 2010
NO (Nitrogen Oxides)
Yearly mean 30 μg/m3 NOx
None
Benzene
Yearly mean 5 μg/m3
January 2010
CO (Carbon Monoxide)
Daily maximum
8-hour mean value
10 mg/m3
January 2005
Lead
Yearly mean 0,5 μg/m3 January 2005, 2010 for heavy polluted 
industrial sites
PM10
1 a day 50 μg/m3, can not be exceeded more than 35 times per year. January 2005
Yearly mean 40 μg/m3
January 2005
Table 5: shows the emission limits of the different particles, and the interval for the measurements. (Translated from the  
EU Directive for Cleaner Air 2008 ANNEX XI.
Some of the things from the 2008 report that the EU themselves wish to implemented in order to 
reduce the different emissions:
• Laws have been implemented that should reduce the exhaust from light personal vehicles and 
business cars. As well as reduce the overall exhaust from all motors of heavy vehicles.
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3.3 Noise Regulation 
The noise measurement was for a long time not considered in Europe and the data were scarce. In 
2002 a European policy introduced the Directive 2002/49/EC on the assessment and management of 
environmental noise. Due to this Directive, EU Member States has to establish mandatory noise 
maps by using EU noise indicators Lden and Lnight .
The EU policy just presents the objectives to reach for decreasing the exposure to health and its 
consequences but not the targets and limits. These values are up to the Member States, that explain 
limits vary from a country to another (World Health Organization and European Commission 2011).
It can be added that in December 2011, the European Commission made a proposal for a new 
regulation on the noise from motor vehicles, involving the reduction of noise by 4 dB for cars and 
by 3 dB for lorries from 2014 and 2017 if the proposal is adopted.
In Denmark, it is the Danish Environmental Protection Agency that takes care of the establishing of 
the recommended noise limits for road traffic noise which limits an “acceptable noise” (Danish 
ministry of the environment). 
When the noise level overtakes this recommended level, the authorities establish noise zone around 
roads in the framework of spatial planning and they can “raise a ban about noise reduction” when 
people complain about annoying noise (European Environment Agency 2009).
These noise limits are express in Lden ed and are presented in the following table: 
Road Traffic Areas Noise Limit: Lden in dB (decibel)
Recreational areas in the open country: camping 
sites, green areas... 53
Recreational areas near or in cities: parks, city 
camping... 58
Dwelling areas 58
Public purposes: hospitals, institutions, schools, 
universities 58
Table 6: Noise limits according to different road traffic areas.
Penalties are given at particular times: 5dB penalty for noise level during the evening from 7pm to 
10pm and 10 dB for night noise from 10pm to 7am. (for instance if a noise level is 55 dB during the  
night it is added 5 dB so the level becomes 60 dB).
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3.4 Mobility Management
The idea that  car  growths  will  drive economic growths has been recognized as  a  development 
strategy. However, now days the speed of cars growth is far larger than the the expansion of roads. 
Too many cars on the roads has a direct affect on space limits, which cause low mobility growth and 
lead  to  a  unsustainable  way  of  development.  Mobility  management  is  introduced  to  find  the 
solutions to reduce the congestion,  improve the accessibility,  to  come up with better  and more 
efficient solutions for infrastructure development and to promote economical growth by providing 
more job opportunities (PORTAL 2002).  Mobility management  is  different  from the traditional 
understanding  of  mobility,  which  is  often  defined as  readily move from one place  to  another. 
Mobility management is a demand-oriented approach which influence passage and organization’s 
behaviour before the trip begins though 'soft measures' and 'hard measures' (PORTAL 2002). The 
initiative of mobility management is to avoid unnecessary travel demand, reduce car dependency 
and shift to a sustainable transport model (Dickson 2012). 
European  union  founded  research  projects  MOMENTUM  and  MOSACI  to  explain  mobility 
management. It sets goals for mobility management:
1.  To encourage a change of attitude and behaviour towards greater use of sustainable  
transport modes, i.e. public transport, collective transport, walking, cycling and inter modal  
combinations
2. To improve sustainable access for all people and organizations by strengthening the  
conditions for sustainable modes
3. To satisfy mobility needs via a more efficient and integrated use of (existing) transport and  
land use infrastructure
4.  To reduce traffic growth by limiting the number, length and need of motorized vehicle trips
5.  To improve co-operation between transport modes and facilitate the interconnection and  
interoperability of existing transport networks
6.  To increase the economic efficiency of the entire transport system
(MOMENTUM/MOSACI 1999, p.17)
Traditional traffic system management and the state-of-the-art  mobility management plan traffic 
from different dimensions. Traffic system management is aim to optimism the road capacity, which 
contains tools of infrastructure, pricing and fiscal measure, and law and regulation that could also 
be interpret as hardware measures or hard polices. Mobility management covers software measures 
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or soft policies, such as coordination with different activities, communications between different 
organizations, and information service. From the supply and demand perspective, in the case of 
congestion,  traffic  system management  normally  focus  on  infrastructure  development,  such  as 
expanding  roads  to  reduce  congestion  or  adding  congestion  tax  to  avoid  traffic.  Mobility 
management  emphasize  on  finding  the  right  target  group,  then  provide  information  and 
communication,  which  influence  'pre-trip'  model  choice  and  encourage  people  to  think 
sustainability  and  motivate  them  to  use  better  transport  system,  such  as  bicycle  and  public 
transportation (MOMENTUM /MOSAIC 1999).The bellowing picture gives an overview of the 
difference between traffic system management and mobility management. 
Mobility management can be applied though policy level, management level and user level.  To 
approach  sustainable  mobility,  it  requires  synergy in  different  levels.  The  European  union  has 
slowly started to integrate the concept of mobility management into spatial  planning and white 
paper of sustainable transport.  In Denmark, mobility management has only been applied in the 
regional and local level. Therefore, there is no direct policy or guideline to conduct regional plans.  
Mobility  management  can  function  as  region  cross  section  cooperation  between  regions  and 
municipality.  For  a  company,  policy  level  depends  on  the  board  or  boss  to  apply  mobility 
management  into company policy,  e.g.  Promoting video conference,  car  pooling and bicycle  to 
work an so forth.  At the management level,  regional authority or company should set mobility 
management or consultant deportment, which are responsible to provide service for different travel 
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Illustration 2: Mobility management from the MOMENTUM /MOSAIC Mobility Management User  
manual. p.11
purpose  and  organize  campaigns.  Campaigns  should  focus  on  public  awareness  of  health  and 
environmental  impacts  and transport  information (PORTAL 2002).  User  level  and management 
level  is  connected.  At  the  management  level,  in  order  to  reduce  car  dependency for  mobility 
purpose, it is crucial to finding to right target group and communicate with the users. Copenhagen 
municipality is intent to cooperate with different company and improve the mobility management,  
which will be introduced below.
3.5 Copenhagen Municipality 
3.5.1 Transport Policy Reform the 'Finger Plan' to Accessibility 
Demographic  concentration  is  driven  by  economic  growth.  Most  metropolitan  regions  have  a 
significant problem of overflowed by populations At that time, the common spatial strategy was 
either enlarge the urban scale or decentralize to small scale towns. Copenhagen’s ‘finger plan’ was 
mentioned in 1947, it was designed to relocate high density of the populations to five directions 
along the Copenhagen area. This intention was to development a physical structure, which include 
city development and efficient transport system between Copenhagen centre and urban fingers by 
construing high ways and the light train S-tog (Christensen 2011). The original plan was only to 
focus on the connections between Copenhagen region and other regions locate on the five fingers, 
however there was no further planning between the surrounding regions. The around areas were 
defined as green wedges to support Copenhagen development by providing land use for various 
purposes. The green wedges were lack of integration and communication in between. Population 
has moved to outside Copenhagen, while most of job and eduction opportunities remain inside the 
city.  The consequence  is  high  daily  mobility,  which  is  around 400.000 drive  into  the  city and 
100.000 flow out from the city in the morning peak hours and vise verse in the afternoon (Kjær 
2012 ). 
The dysfunctional 'finger plan' was reformed in 2007. The new transport policy’s ultimate objective 
is  to  provide  facilitating  accessibility  (Christensen  2011).  It  emphasizes  on  a  cross  section 
cooperation  to  improve  the  communication  between  urban  and  rural  development  through 
integrating  housing  planning,  energy  and  industry,  environment  protection  and  transportation 
planning.
3.5.2 Climate Plan 2025
Copenhagen municipality has made a climate plan for 2025, which plans to reduce 20% of CO2 in 
2015 and transit to a CO2 neutral city in 2025 through different approaches and perspectives. In the 
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section of urban planning, the idea of ‘promoting a dense city less dependent on transport’ is the 
first initiative of the five. It underlines, that a city’s development is highly depend on the traffic 
efficiency. A city can’t growth without economic actives; unfortunately such traffic problems e.g. 
air pollution, congestion and noises are derived (Kjær 2012).
From the transport perspective, 15 initiatives are made to promoting a more sustainable city by 
reducing vehicle  emissions  though cleaning technology and using sustainable energy resources; 
modal  shifts  by  improving  the  connecting;  reduce  traffic  amount  by  offering  more  traffic 
alternatives  and  providing  quick  and  easy get  though  (Copenhagen  municipality  2010).  It  has 
suggested a new transport  patter  for private user,  which proposes bicycle and walking as main 
priority, which is followed by public transport (Copenhagen municipality 2010). 
The  freight  transport  in  Copenhagen  centre  is  complicated  and  ineffective.  The  lack  of 
communication between delivery companies causes too much unnecessary driving.  Copenhagen 
municipality is working on new project to improve city logistic now. This new project has aimed to 
shift traditional mass logistic transportation to a more efficient and sustainable way by setting a 
consolidation centre concept --- UCC (Provstgaard 2012). The consolidation centre concept is to 
united different store owners and suppliers to a few logistic centres, which are allocated around 
Copenhagen area. All the cooperated supplier store goods in the consolidation centre,  and shop 
owner contact logistic centre to get delivery. By this approach, UCC uses its capacity to arrange a 
most productive delivery route. Their target is to include as much shopper owner as possible, and 
reduce a huge amount of needless driving.
3.5.3 Environmental Zones
The  environment  zone  was  launched  in  2008, 
which only include the area inside the highway 
ring  2  and  Vejlands  alle  in  Amager.  In  2009, 
environment zone covers entire Copenhagen and 
Frederksberg municipality,  which require all  the 
vehicles that is more than 3.5 tons are obliged to 
display a  certification  on  the  window. From 1st 
July 2010, all the heavy duty vehicles require to 
have a disaffiliate and minimal Euro 3 norm. 
Both municipalities expect,that the environmental 
zone can have a significant affect on the air quality. 
33
Illustration 3: The sign of Environmental Zone.
3.5.4 Mobility Management:Gate 21 & Formel M 
Formel M and Gate 21 are the two main activities for mobility management  at  regional  level. 
Formel M is aim to lead sustainable transport though mobility management, and the two major task 
is to reduce daily private car using and encourage more people to using bike and public transport. 
Copenhagen municipality as one of the partner, which not only has the ambition to be the most 
attractive bike city, also set a goal to influence more private company or public authorities to take 
initiatives to help employee lower carbon emission footprint by use better and sustainable transport 
modes. In 2002, Hovedstadens Ud-viklingsråd(HUR) project started, by providing knowledge and 
service of car-pooling, cheaper work commuting tickets and bike to work campaign. 
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4.0 Air Pollution and Noise
4.1 Introduction 
Urbanization was a key of the “encouraging development by urban functions and improving the  
relationship between the town and the countryside”(United Nations 2008). Indeed, transport has an 
important place in Europe’s economic growth during the recent boom years: spatial policy used to 
promote  accessibility  of  cities  due  to  urbanization:  more  constructions,  shopping  and  tourism 
(European  Environment  Agency 2009). This  aimed  to  the  expansion  of  the  towns  then  to  the 
mobility of people, goods and information; so to the increasing competition in transport. That was a 
strategy for efficient transport called “predict and provide” and the main purpose of policy makers: 
having a high-quality transport infrastructures to ensure a spatial cohesion in the Community and to 
promote social and economic growth (European Commission 1999; Christensen T.B and Kjaer T. 
2011).
However, this “predict and provide” strategy leads to an important issue: transport still contributes 
to  an  important  traffic  growth that  highlights  significantly an  environmental  pressure  which  is 
manifested by the rise of air pollution, congestion, emissions of greenhouse gases, noise exposure, 
traffic accidents and deterioration of quality of life, see illustration 4. 
Indeed it was proved by European Researchers that there is a link between the traffic pollution and 
the well being . The economic growth created a high cost in terms of environmental impacts. In this  
following part the focus will be on air pollution and noise, the main pollution on Jagtvej then it will  
make for both a linkage with health. 
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Illustration 4: Links between traffic and quality of life (ALPNAP 2008)
This part is a general part presenting the main features of the two phenomenon not only on Jagtvej 
but for the whole areas concerned
4.2 Focus on Air Pollution
4.2.1 Generalities
Firstly, air pollution can be defined as: “the direct or indirect introduction, as a result of human  
activity, of substances or heat into the air, water or land which may be harmful to human health or  
to the quality of aquatic ecosystems or ecosystems land depending directly on aquatic ecosystems,  
which result in damage to property, damage or interfere with environment and other legitimate uses  
of the latter” (Official journal of the European Union, 2000, p1-p73).
Traffic pollution is not an easy one to study, as opposed to the stationary pollution from industries,  
it is a mobile pollution that makes it a local pollution if we consider damage to citizens and to eco-
systems, and a trans-boundary one at the same time since pollutants moves from one locality to 
another. The difficulty is also due to the varieties of cars which constitute the cars fleet: individual 
passenger cars/ commercial vehicles; gasoline/ diesel; recent cars/ old car. From parameters specific 
to each cars the emissions progress in a space-time framework: motor hot or cold; battery loads; age 
of the vehicle; driving style; maintenance (time)/ flow of traffic and road features (space). 
Pollution due to traffic can be the result of two substances (Degobert 1992): 
• Substances directly emitted by vehicles (primary pollution)
• Substances produced through photochemical reactions between the primary pollution and 
the basic components of the atmosphere (secondary pollution) 
The pollutants are distinguished also according to their shape: gaseous or particulate. It can be noted 
that the majority of the pollutants emitted are already present in a natural state in the air and are 
essential  to life on earth.  So the real problem with these substances is not that they are in the 
atmosphere but their concentrations on it. That joins the definition of air pollution from the Board 
of Europe in 1967: “the presence of a foreign substance in the air or the important variation in the  
proportion  of  its  components,  which  may  cause  a  harmful  effect,  given  the  current  scientific  
knowledge, or create a nuisance or annoyance” (European Council 1967).
The main pollutants due to cars emissions are numerous, among them the gaseous one: nitrogen 
oxides  (NO),  nitrogen  dioxide  (NO2),  carbon  monoxide  (CO),  carbon  dioxide  (CO2),  volatile 
organic compounds (COV) as sulfure dioxide (SO2) / heavy metals and hydrocarbons (HC) which 
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have a major impact on air quality and human health; the fine particulates and the ozone which is a 
separate case that will be explained. A difference can be made between local pollution: nitrogen 
oxides, sulfure dioxide and non-local pollution with CO2 pollution which is a part of the global 
greenhouse  effect  (Technical  University  of  Denmark  2012;  National  Environmental  Research 
Institute 2009; WHO 2005).
In term of harm to health,  particulate  matter  and ozone are the most  problematic  pollutants  in 
Europe since it is shown by epidemiological studies that they are responsible for the most severe 
health effects (National Environmental Research Institute 2009). 
In our work will be highlighten their own features, the relationships between them, then the linkage 
to health.
4.2.2 Primary Pollution
• Nitrogen oxides            NOx  = NO + NO2
Road transport is the first source of NOx emission: they principally come from the combustion of 
fossil fuels. The mechanism is the following: azote N and oxygen O react in high temperature and 
pressure conditions to form monoxide azote and with oxygen this NO can form NO2 : 
                                                               N + O = NO
                                                             NO + O = NO2
This presence of strong proportion of NO2 in cities with a heavy traffic can be noticed by a brown 
colour  in  the  layers  of  polluted  air  located  at  an elevation  of  several  hundred  kilometres.  The 
proportion of NO is about 60 to 80 % in the exhaust from a traditional car diesel  (The Danish 
Ecocouncil 2011).
Nitrogen oxides play a role in harmful phenomenon as eutrophication, acid rain (with the formation 
of nitric acid HNO3) that have an impact on soils, fauna, flora, buildings; a role in the increasing of 
greenhouse effect by the formation of protoxide nitrogen N2O due to the nitrogen in the fossil fuels 
it contributes to the destruction of the ozone layer (Degobert 1992).
Nitrogen oxides have also a large role in the atmospheric chemistry: they contribute to the ozone 
formation  one  of  the  secondary  pollutant  that  will  be  introduced  later  in  this  work  (National 
Environmental Research Institute 2009).
• Carbon monoxide CO
This is a colourless, odourless, tasteless gas that makes it difficult to detect. It is emitted during an  
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incomplete combustion of organic matter (here fuel). Its diffusion is very fast, it disappears quickly 
when it rolls away from the emission source. The car’s traffic is the main source of this gas which 
can be met with important concentrations in downturn’s situations: congestion in covered spaces 
(tunnels for instance). It is an indicator of traffic however its concentrations decreased this last years 
due to technological advances (Degobert 1992).
• Carbon dioxide CO2
CO2 has been considered as a perfect product of combustion for a long time.(European Environment 
Agency. 2009). But it was before knowing the important contribution it has in climate change since 
it is a greenhouse gas. It is delivered in the fossil fuel combustion when carbon from hydrocarbons 
reacts  with  the  oxygen.  There  is  a  natural  process  absorbing  the  CO2:  photosynthesis  from 
vegetation that releases O2 essential for human breath according to the following equation: 
Carbon dioxide + Water = Glucose + Oxygen
6 CO2 + 6 H2O = C6H12O6 + 6 O2
However deforestation and the increasing of CO2 emission disturb this natural process and then 
contribute to the greenhouse effect  (Degobert,  1992;  National  Environmental  Research Institute 
2009).
• Volatile organic compounds COV
They are emitted by evaporation due to temperature variation (motor off/on) in the pump located at 
the tank and carburetor, by loss due to a splash at the pump and reservoir, in the exhausted gas.  
COV gather a lot of substances, among them the ones which are made of carbon and hydrogen but 
also others groups as carbon compounds and carboxyl compounds (Degobert, 1992, p28).
COV are responsible for the ozone formation, this a point which will be enlighten in a future part 
devoted to ozone.
Even  if  a  car  does  not  emit  a  huge  concentration  of  COV,  the  ones  emitted  contain  a  strong 
concentration of the more reactive COV for diesel vehicles. That means a diesel vehicle plays a 
more important role in ozone formation.
Among these COV is a family called BTEX: benzene, toluene, ethylbenzene, xylene. They are the 
main COV emitted by gasoline vehicles and they are formed by aromatics decomposition which are 
initially presents in the car’s fuel; especially when they replaced the lead since January 1st of 2000.
• SO2
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The rejects of SO2 are mainly due to the sulphur in the fuel (Degobert, 1992). The traffic contributes 
just in a little part to these emissions and since the standards are more and more stringent regarding 
the limit values, important decreases were noticed in the last decades. 
SO2 was at the origin of acidification phenomenon when it turns into sulphurous acid (H2SO3) and 
sulphuric acid (H2SO4), two secondary pollutants (National Environmental Research Institute 2009).
• Heavy metals
They are released in a particulate shape. Lead was the first one due to the fuel but the main sources 
of emission of metals are not the fuel itself but others like : brakes which are copper’s, zinc’s, lead’s 
sources; tires which are a zinc’s source; can be also found aluminium, iron zinc and cadmium in 
lubricants (zinc and cadmium are both generally associated because cadmium is the impurity from 
zinc);  lubricants  oils  contains  barium and  cobalt,  brake  pads  are  source  of  chromium,  arsenic 
selenium.
All this heavy metals mentioned above present a certain degree of toxicity, therefore they present a 
risk for human health (National Environmental Research Institute 2009; Degobert 1992).
• Particulate Matter PMxx ( xx = diameter less than xx micrometers µm) 
What are called particulate matter, are solid matter mixed with liquid droplets with a diameter less 
than 10 micrometers formed in the atmosphere after chemicals transformation of gaseous pollutants. 
Among them are found dusts, smog, fogs. These particles can be ranked by size as shown in the 
table 7 below.
Particulate Matter = PMxx
( xx = diameter in 
micrometers)
Measurement*
Coarse particles
<10 Mass
Fine particles <2,5 Mass
Ultrafine particles <0,1 Number
Nanoparticles <0,03 Number
Table 7: Particles classification
*The  total  number  of  particles  is  dominated  by  ultrafine  and  nanoparticles  but  if  the  mass  
measurement is considered, it concerns in majority the larger particles (PM10 and PM2,5).
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Traffic sources are responsible for 50 to 80 % of fine particles in the urban air (Degobert 1992).
Ultrafine and nanoparticles are exhausted particles whereas the majority of the larger particles come 
from background pollution: tires, dust from tearing of road, dust raised by the traffic (The Danish 
Ecocouncil 2011).
The  exposure  to  particles  can  have  several  origins:  naturally  occurring  processes  and  human 
activities;  indoor  activities  (home  heating,  cigarette  smoke);  outdoor  activities  (wood  burning, 
power  plants,  traffic).  It  can  be  noticed  that  outdoor  sources  are  also  indoor  ones  when  the 
pollutants enter homes. 
Particulate matter are composed with a mixture of chemicals either organic or inorganic as: carbon, 
sulphates, metal, nitrates, acids and semi-volatile compounds (Christensen and Kjaer 2011).
The most worrying particles are the finer because they are able to penetrate into the finest parts of  
the lungs and enter the bloodstream. The main exhausted particles are small, especially those which 
are called “diesel particles”, responsible for 87% of the particles emitted by traffic (Jensen 1999).
It is difficult to quantify and identify particle emission from traffic because of the local variations 
(they can be transported above large distances).
Among the traffic particles there are not just particles from exhaust , also the ones from tires. In 
fact, by the rolling of tires the phenomenon of abrasion leads to the lost of material spreads in the  
environment. Since their size is large there are more local pollutants and have an impact on people 
living just near busy/ congested streets (Dahl 2005).
Diesel particles:
They have a small size lower than a micrometer (near 0,5 µm). Their composition is not well known 
and can be described as a carbon skeleton composed by unburnt from fuel and lubricant. 
Health effects are linked to the particle size: the ultrafine particles can enter into the finest parts of 
the lungs and enter the bloodstream as shown in illustration 5. They are made of genotoxic and 
carcinogenic substances which harm on health and drive to lungs cancer, respiratory problems or 
even mortality ( The Danish Eco-Council 2011). They interest more and more the researchers and 
some suspect them to penetrate the nose mucous membrane and the brain. Most of them are very 
known for toxicologists but the mechanisms are still unclear (World Health Organization 2005).
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The Environmental Assessment Institute of Denmark made an estimation of health effects caused 
by ultrafine particles from different vehicles categories in Denmark in 2002 and the results are 
presented  in  the  table  8 below: (Jensen  1999;  European  Environment  Agency.2011;  National 
Environmental Research Institute 2009).
Healths impacts Heavy vehicles Vans Taxies
Mortality 800 475 15
Hospitalization 875 525 20
Chronic bronchitis 800 475 15
Acute bronchitis 2800 1650 60
Asthma attacks 30600 22950 650
Table 8: Estimation of health effects caused by ultrafine particles from different vehicles categories in Denmark (2002).
4.2.3 Secondary Pollution 
Ozone O3
The precursors of O3 are NOx, COV and CO. The chemical process is complexe so in this work was 
decided to expose just the important steps. 
First, the NO2  released forms NO by photodissociation due to solar radiation (with a wavelength 
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Illustration 5: Demonstration of the ability of particles to  
enter the body according to their size.
lower than 400 nanometers) and release an oxygen atom according to the following equation: 
NO2 + hv = NO + O (hv = solar radiation < 400 nm) 
Then the oxygen released “O” joins dioxygen to form ozone O3:
O + O2 = O3 
The production of  O3 can be limited by a reaction with NO which implies a reformation of NO2 
illustrated by this equation: 
NO + O3 = NO2  + O2 (*)
The real picture includes much more equations. NOx in the air impacts on the quantity of ozone 
formed wheras COV impacts on reaction velocity.
As shown on the third equation (*), the more NO are, the more O3 is destroyed. This situation is 
common in urban zones. It is why in highways is watched an ozone depression due to the NOx from 
cars.
Sulfuric acid H2SO4
The dioxid sulphur from cars can react with atmospheric oxygen O2 to form sulphur trioxide SO3 
(1) and this latter can dissolved in water to form sulphuric acid (2):
2 SO2 + O2 = 2 SO3 (1)
SO3 + 2 H2O = H3O+ + HSO4- (2)
Sulphuric acid is a strong acid harmful for soils by causing their acidification.
As shown all this chemical have an impact on human: health or environment. That is a relevant 
point that highlights the harmful features of traffic and in the illustration 6 below are shown in a 
simplified way the correlations between the emissions and the impacts: 
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As said for some pollutants, these chemicals can have minor health impacts as respiratory irritations 
and major as cardiovascular diseases and premature death.  Regarding the ecosystem impacts, it 
leads to acidification then a loss of flora and fauna aquatic and terrestrial; to eutrophication that 
leads to a shift in species diversity (World Health Organization 2005).
Another  impact  is  important,  material  impacts:  in  fact,  air  pollution  is  responsible  for  the 
degradation  of  the  frontage  of  buildings  due  to  corrosion  and  erosion  by  the  acidifying  and 
oxidizing compounds that leads to the loss of attractiveness of the cities.
4.2.4 Parameters which Influence the Quantity of Pollutants Emitted
The emissions from cars are called unitary emissions, they are the quantity of pollutants released by 
a  vehicle  during  a  unity  of  utilization  (kilometre  or  second).  They  result  of  a  large  rank  of 
parameters as: type of vehicle, driving, conditions of circulation, road features, climatic conditions. 
In this work will be described the main ones (Degobert 1992).
The characteristics of a vehicle influence the unitary emissions: type of vehicle technologies used, 
kind of fuel, maintenance, loading level. There is a huge list of different vehicles, among them: light 
vehicles, individual passenger cars , commercial cars (lights and trucks) and the two wheels. The 
heavier the vehicles are, the more they need energy, the more fuel consumption increases and the 
more important are the emissions. The gasoline vehicles with catalyses and the diesel vehicles emits 
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Illustration 6: Correlation between emitted substances and impacts.
the same pollutants but in different proportions. Compared to the gasoline vehicles, the diesel ones 
emits a few CO because they work with an oxygen excess so almost all the CO is transformed in 
CO2, they work in high temperature so they emit more NOx and particles, they work with a more 
completed  combustion  so  they consume less  fuel  and emit  less  hydrocarbons,  they work  with 
gasoline which contains sulphur compounds which are emitted (Degobert 1992).
Aerodynamics is also a parameter to underline, when a vehicle is loaded that implies a decrease of 
the aerodynamics so the motor has to provide more power to reach a certain speed, so a higher fuel  
consumption  that  leads  to  a  bigger  quantity  of  pollutants  emitted.  The  energy demand  is  also 
increased by comfort equipment.
According to the conditions of circulation: fluidity or not, road, highway, the emissions evolve. 
Indeed, during acceleration and deceleration phases, the time spent at the lights have a great impact  
on emissions levels. All is linked to the velocity: in congested urban areas the HC, CO, CO 2 and 
NOx are principally due to diesel vehicles whereas NOx emissions from gasoline vehicles are more 
elevated in fast highways. Thus, both low and high velocities contribute to an increase of emissions.
The emissions are more important when the vehicle is cold. Since the distance travelled with a cold 
motor is near than 6 km and the average length of travel of the lights vehicles in Europe varies  
between 5 and 8 km in Europe; it can be said that the total of kilometres travelled is mainly makes 
with a cold vehicle.  That highlights the matter of the air  temperature because it  conditions  the 
duration needed to have a balanced temperature in the motor which avoids the cold condition (this  
duration is as long as the temperature is low). That introduce the role of the climatic factors, the 
emissions are consequently more important in winter. The wind is another parameter because it 
could slow or accelerate the vehicles flow and then emissions. The sunshine is another point, even if 
it does not play a role on cars’ emissions, the UV radiance is the pillar of atmospheric chemistry 
which leads to the formation of secondary pollutants as ozone (Kiilsholm 2000; Degobert, 1992).
The conductor plays a role by his driving, when the driving is aggressive (strong increase of the 
velocity), the vehicle will emit a quantity of pollutants superior than if  the driving was normal 
(European conference of ministers of transport 1999).
4.2.5 Dispersion and Transport of Pollutants 
It  can  be  note  that  different  pollution  cycles  exist  depending  on the  season,  human  activities, 
sunshine (solar cycle) that introduce a weekly cycle (week end or work days) when the traffic flow 
changes and a daily cycle illustrated by rush hours. 
The dispersion is an important parameter because its quality is a factor of pollution. In fact, if the 
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dispersion is good, the concentration of pollutants can be low even if the emission is important and 
at the opposite if it is bad the low emissions can have bigger impacts. Thus, the number are not 
absolutely relevant: it is not just because there are a lot of cars that the pollution is more or less 
important. That introduce the influence of buildings topography: the higher they are the more they 
block the wind which carries the pollutants. The general picture of the dispersion of air pollution is 
represented in the illustration 7 below: (Neophytou 2004)
4.2.6 Jagtvej Data
Air quality can be determined or by direct measures in a monitoring site or by modularisation tools.  
In Copenhagen there are three monitoring stations: one on the kerb of Jagtvej (1257), another one 
“HCO” located on the roof of the Copenhagen University (1259) and one in the city centre in the 
kerb  of  the  H.C Andersen  Boulevard  (1103).  Jagtvej's  data  used  in  this  work  come from the 
monitoring sites showed in the illustration 8.
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Illustration 7: Dispersion of traffic's air pollution in an urban area.
The traffic oriented station number 1257 is in a 20m wide street canyon between the bicycle lane 
and the car lanes. In this area there is a lot of residences houses and buildings of 3-5 storeys and 
some shops. The roof station number 1259 is on the roof of a 7 storey building; this an open area 
with trees located at 300 m from the street (National Environmental Research Institute 2012). 
Nowadays, it is impossible to say that the limit values are respected. For instance 20% of the EU 
population lives in urban areas where particulate matter exceeded the limit values in terms of 24-
hour limit (European Environment Agency 2011). In EU, the reference levels are given by both EU 
and WHO air quality guidelines and are presented in the previous part and in the Appendix I.
In one hand, Copenhagen is known as a “green” city due to the efficiency of the mass transportation 
system and the popularity of cycling compared to other countries and as the capital of “the happiest 
country in the world”. But in another hand it is one of the city which does not meet the EU limit 
values regarding air quality especially regarding the NO2 and Particulate Matter.
Despite the lack of data on Jagtvej due to the fact that the European countries data or scarce or not 
available,  some  data  could  be  gathered  from  the  National  Environmental  Research  Institute 
“Danmarks Miljødersogelser” and are relevant. In the following part have been chosen the results of 
the main pollutants whose data are available and more relevant NO2/NOx  and particulate matter, to 
highlight the current polluted situation on Jagtvej area. The concentrations presented are the ones 
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Illustration 8: Map of the 1257, 1259 monitoring sites.
from the last recent days of these months of April/May 2012 and compare different areas.
· NO2/NOx
The  illustration  9  shows  the  values  from two  streets  Jagtvej  which  interests  us  and  Andersen 
Boulervard. As shown the different concentrations evolve in the time and varies from 10 to more 
than 300 µg/m3 per day. Peaks are observed several times and by comparing the results to the limit 
values presented in the table 5, they are superior to them: in fact, the limit is 200 µg/m3  per day 
(blue lane on the graph 9). The both evolution in the both areas are quite superimposed even if the 
values on Jagtvej are lower.
· Particulate Matter 10
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Illustration 9: Evolution of the concentration of NO2 in May 2012 in µg/m3.
Illustration 10: Evolution of the concentration of PM10 in April/May 2012 in µg/m3.
